Septic systems in lakeshore environments often occur where thin soils overlie bedrock and, consequently, filter beds may be constructed of imported filter sand. The objective of this study was to assess the mobility of wastewater phosphorus (P) in such a potentially vulnerable setting by examining a 20-yr-old domestic septic system located near Parry Sound, ON, Canada, where the filter bed is constructed of imported noncalcareous sand. The groundwater plume is acidic (pH 6.0) and has a zone of elevated PO 4 -P (up to 3.1 ± 1.7 mg L −1 ) below the tile lines but no elevated PO 4 -P is present beyond 5 m from the tile lines. Elevated concentrations of desorbable P (up to 137 mg kg −1 ) and acid-extractable P (up to 3210 mg kg −1 ) occur in the filter sand within 1 m below four of seven tile lines present and the total mass of excess acid-extractable P (39 kg) is similar to the estimated total lifetime P loading to the system (33 kg). Microprobe images reveal abundant Fe and Al-rich authigenic mineral coatings on the sand grains that are increasingly P rich (up to 10% w/w P) near the tile lines. Additionally, 6 yr of monitoring data show that groundwater PO 4 concentrations are not increasing. This indicates that mineral precipitation, not adsorption, dominates P immobilization at this site. This example of robust long-term P retention opens up the possibility of improving P removal in on-site treatment systems by prescribing specific sand types for filter bed construction. ; Dillon and Rigler, 1974). In the United States, wastewater-PO 4 plumes with similar concentrations have been mapped for distances of several hundred meters (Bussey and Walter, 1996). Long-term wastewater disposal could thus be of concern if these sites were located in lakeshore settings. However, the previous review also revealed that at some sites substantial P immobilization occurred within the first 1 to 2 m of subsurface flow. Electron microprobe studies indicated this was the result of mineral precipitation reactions that were likely promoted by redox changes occurring in close proximity to the infiltration pipes (Zanini et al., 1998). The sites where P immobilization was most complete (>99%) were those on noncalcareous sediments where sewage oxidation reactions led to the development of acidic conditions. Additional investigations at other acidic septic system sites in Ontario showed similarly robust P immobilization (Robertson, 2003). The three acidic sites in the latter study (Muskoka, Lake Joseph, and Nobel) all had relatively deep water tables (3-5 m). However, these were considerably in excess of the minimum depths required for tile bed construction in Ontario (0.7 m below the tile lines, OMOE,1982). Efficient P removal at these sites could be related to the thorough effluent oxidation that occurs, but this may not be the case at all sites. In landscapes such as central Ontario's "cottage county, " on-site wastewater disposal often occurs in lakeshore settings that have relatively thin soils that overlie bedrock that is noncalcareous in many areas and usually fractured. At these sites, septic system filter beds may be constructed of filter sand that is imported to the site to provide the minimum regulatory vadose zone thickness or a minimum thickness of permeable sediment overlying bedrock (0.9 m below tile lines, OMOE, 1982). At sites with thinner vadose zones, wastewater oxidation may be less complete. Also, laboratory studies have shown that P retained in filter-bed sediments can be remobilized if the water content of the sediment increases, which might occur as a result of seasonal water table fluctuations (Zurawsky et al., 2004). The fate of wastewater P in these potentially more vulnerable settings has so far received little attention.
Phosphorus Retention in a 20-Year-Old Septic System Filter Bed W. D. Robertson* A previous review of phosphate (PO 4 ) behavior in 10 septic system plumes in Ontario (Robertson et al., 1998) revealed that six sites on sands had distinct groundwater PO 4 plumes, extending >10 m away from the tile beds, with PO 4 -P concentrations (1-6 mg L −1 ) that were much greater than threshold levels necessary to stimulate algal growth and eutrophication in lakes (~0.03 mg L −1
; Dillon and Rigler, 1974) . In the United States, wastewater-PO 4 plumes with similar concentrations have been mapped for distances of several hundred meters (Bussey and Walter, 1996) . Long-term wastewater disposal could thus be of concern if these sites were located in lakeshore settings. However, the previous review also revealed that at some sites substantial P immobilization occurred within the first 1 to 2 m of subsurface flow. Electron microprobe studies indicated this was the result of mineral precipitation reactions that were likely promoted by redox changes occurring in close proximity to the infiltration pipes (Zanini et al., 1998) . The sites where P immobilization was most complete (>99%) were those on noncalcareous sediments where sewage oxidation reactions led to the development of acidic conditions. Additional investigations at other acidic septic system sites in Ontario showed similarly robust P immobilization (Robertson, 2003) . The three acidic sites in the latter study (Muskoka, Lake Joseph, and Nobel) all had relatively deep water tables (3-5 m). However, these were considerably in excess of the minimum depths required for tile bed construction in Ontario (0.7 m below the tile lines, OMOE,1982) . Efficient P removal at these sites could be related to the thorough effluent oxidation that occurs, but this may not be the case at all sites. In landscapes such as central Ontario's "cottage county, " on-site wastewater disposal often occurs in lakeshore settings that have relatively thin soils that overlie bedrock that is noncalcareous in many areas and usually fractured. At these sites, septic system filter beds may be constructed of filter sand that is imported to the site to provide the minimum regulatory vadose zone thickness or a minimum thickness of permeable sediment overlying bedrock (0.9 m below tile lines, OMOE, 1982) . At sites with thinner vadose zones, wastewater oxidation may be less complete. Also, laboratory studies have shown that P retained in filter-bed sediments can be remobilized if the water content of the sediment increases, which might occur as a result of seasonal water table fluctuations (Zurawsky et al., 2004) . The fate of wastewater P in these potentially more vulnerable settings has so far received little attention.
